Peroxiredoxin 6 (Prdx6) is a 1-Cys member of the peroxiredoxin superfamily that plays an important role in antioxidant defense. Glutathionylation of recombinant Prdx6 mediated by π glutathione S-transferase (GST) is required for reduction of the oxidized Cys and completion of the peroxidatic catalytic cycle in vitro. This study investigated the requirement for πGST in intact cells. Transfection with a plasmid construct expressing πGST into MCF7, a cell line that lacks endogenous πGST, significantly increased phospholipid peroxidase activity as measured in cell lysates and protected intact cells against a peroxidative stress. siRNA knockdown indicated that this increased peroxidase activity was Prdx6 dependent. Interaction between πGST and Prdx6, evaluated by the Duolink Proximity Ligation Assay, was minimal under basal conditions but increased dramatically following treatment of cells with the oxidant, tert-butyl hydroperoxide.
Introduction
Peroxiredoxin 6 (Prdx6) is a 'moonlighting' protein that has both phospholipase A 2 (PLA 2 ) and peroxidase activities (Chen et al., 2000) . The PLA 2 activity of Prdx6 is Ca 2+ independent and maximal at acidic pH and plays an important role in lung surfactant phospholipid synthesis and turnover Fisher et al., 2006) . Its peroxidase activity protects cells against oxidant stress through glutathione (GSH)-dependent reduction of various hydroperoxides including phospholipid hydroperoxides to the corresponding water and alcohols (Fisher et al., 1999; Wang et al., 2008) . Unlike the other mammalian members of the family that contain two conserved cysteines in the catalytic site, Prdx6 has a single conserved cysteine and has been called 1-cys peroxiredoxin (Kang et al., 1998; Schremmer et al., 2007) . Prdx6 is expressed in all tissues but at particularly high levels in brain, eye, testes, and lung (Kim et al., 1998; Rhee et al., 2001; Singh and Shichi, 1998) .
We have observed that purified recombinant Prdx6 protein generated in E coli often lacks peroxidase activity. Further, partial purified native enzyme from bovine lung was enzymatically active, while purification to homogeneity yielded enzyme that inactivated with time, presumably due to the oxidation of its single conserved cysteine (Manevich et al., 2004) . Evaluation of the partially purified preparation showed the presence of GSH Stransferase pi (πGST). In vitro incubation of purified inactive recombinant Prdx6 with GSHloaded πGST resulted in the formation of a complex between the two proteins (Manevich et al., 2004; Ralat et al., 2006; Ralat et al., 2008) . Further study indicated that GSH is dispensable for the formation of the protein complex but is required for reactivation of the enzyme from the sulfenic state (Ralat et al., 2006) . These results led us to hypothesize that intracellular activation of Prdx6 requires its interaction with πGST followed by glutathionylation of the oxidized Cys47; subsequent dissociation of the heterodimer and reduction of glutathionylated Prdx6 by GSH, restores catalytic activity (Manevich et al., 2004; Ralat et al., 2006) .
In preliminary studies, recombinant Prdx6 protein delivered to cells by a protein transporting reagent protected cells that expressed πGST (H441) against oxidant stress but was ineffective in cells (MCF7) lacking endogenous πGST (Manevich et al., 2004) . Here, we examined the interaction of Prdx6 and πGST in intact cells by the Duolink Proximity Ligation Assay (DPLA) and the role of πGST in supporting the peroxidase activity of Prdx6 by siRNA knockdown of endogenous Prdx6 coupled with plasmid-driven expression of πGST in cells that do not normally express this protein. These results provide definitive evidence for the important role of πGST in the Prdx6 catalytic cycle.
Materials and Methods

Reagents
GSH, glutathione reductase, NADPH, 15-lipoxygenase, 1-chloro-2,4-dinitrobenzne (CDNB), tert-butylhydroperoxide (t-BOOH), and molecular mass standards were from Sigma (St. Louis, MO). πGST and a polyclonal antibody to this protein were from Oxford Biomedical Research (Rochester Hills, MI). Chloroform and methanol were obtained from Fisher Scientific (Pittsburgh, PA). L-buthionine-S, R-sulfoximine (BSO) and monochlorobimane (mCB) were purchased from Invitrogen. 1-Palmitoyl-2-linoleoyl-snglycero-3-phosphocholine (PLPC) came from Avanti-Polar Lipids (Birmingham, AL). PLPC hydroperoxide (PLPCOOH) was prepared by treatment of PLPC with 15-lipoxygenase and was purified as described previously (Fisher et al., 1999) . The polyclonal anti-Prdx6 peptide antibody was purchased from Abfrontier (Seoul, South Korea), the monoclonal anti-Prdx6 antibody was from Chemicon (Billerica, MA). siRNA targeting Prdx6 and nontargeting control siRNA were purchased from Applied Biosystems/Ambion (Austin, TX). The plasmid construct expressing πGST was generated in either pIRES2-ZsGreen vector or pDsRed-Monomer-N1vector. Human πGST cDNA in the pUC120 plasmid (a kind gift of Dr. Roberta Colman) was PCR-amplified into both the pIRESZsGreen plasmid and the pDsRed-Monomer-N1 plasmid (Clontech, Mountain View, CA). The forward primer for PCR amplification and cloning into both plasmids was: 5′ ACGTCCTCGAGATGCCGCCCTACACCGTGGTC 3′. The XhoI site (underlined) was used for cloning. The reverse primer for the pIRES-ZsGreen was: 5′ ACGTGGATCCTCACTGTTTCCCGTTGCCATTC 3′ and the reverse primer for cloning into the pDsRed-Monomer-N1 was: 5′ ACGT GGATCCGACTGTTTCCCGTTGCCATTG 3′. The BamHI site (dashed underline) was used for cloning the 3′ end into each plasmid. Note the (inadvertent) substitution of a C for G as the terminal 3′ nucleotide in the ZsGreen reverse primer but the resultant single amino acid substitution did not cause any observed differences from the results obtained with Ds Red (see below). Plasmid constructs expressing wild type or mutant (C47S and S32A) mouse Prdx6 in pIRES2-ZsGreen vector were described previously (Chatterjee et al., 2011) .
Cell culture
Pulmonary microvascular endothelial cells (PMVEC) were isolated from the lungs of wildtype and Prdx6 null mice using collagenase and adherence to magnetic beads coated with mAb to platelet endothelial cell adhesion molecule (PECAM; BD Biosciences Pharmingen, Palo Alto, CA.) as described previously (Milovanova et al., 2008; Milovanova et al., 2006) . The endothelial phenotype of the preparation was routinely confirmed by evaluating cellular uptake of 1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine perchlorate-acetylated low-density lipoprotein (DiI-Ac-LDL) and by immunostaining for PECAM. Cells at passage 4 or 5 were used for the experiments. The human lung carcinoma cell line A549 was obtained from the American Type Culture Collection (ATCC, Manassas, VA). The human breast adenocarcinoma cell line MCF7 was obtained from the University of Pennsylvania Cell Center. Depending on the cell line, cells were grown in MEM, DMEM or RPMI medium (GIBCO Laboratories, Grand Island, NY) supplemented with 10% fetal bovine serum plus 1% penicillin/streptomycin under 5% CO 2 at 37°C. The protein content of cell preparations was determined with the Coomassie Blue assay (BioRad, Richmond, CA).
Transfection and siRNA knockdown
MCF7 cells were transfected with constructs expressing human πGST (either ZsGreen or DsRed vectors) using GenJet transfection reagent (SignaGen, Rockville, MD) according to the manufacturer's protocol. Medium (1ml/well) with serum and antibiotics was added freshly 30-60 min before transfection. DNA and GenJet (3 μl) were diluted separately into 100 μl of serum-free DMEM with high glucose, vortexed gently, incubated at room temperature for 5 min, then the diluted GenJet reagent was added into the diluted DNA solution. The mixture was vortexed briefly, incubated at room temperature for 15 min, and the mixure was added to the cells dropwise. The medium was changed at 18 h after transfection. The cells were harvested at 48 h post-transfection and cell lysate was analyzed for protein by immunoblot and for enzymatic activity by the peroxidase assay. Increasing amounts (0-12 μg) of the πGST vector were used for transfection; empty vector was added so that the total amount of DNA remained constant.
For transient knockdown of Prdx6, MCF7 cells at 40-50% confluence in six-well plates were transfected with either specific Prdx6 siRNA or non-targeted (scrambled) control siRNA using the siRNA transfection reagent GenMute (SignaGen) according to the manufacturer's protocol. Medium (1 ml per well) with serum and antibiotics was added 30-60 min before transfection. siRNA (5 pmole; final concentration 5 nM) was diluted into 100 μl GenMute transfection buffer and incubated at room temperature for 5 min. GenMute reagent (1 μl) was added to the siRNA solution, the mixture was vortexed briefly, incubated at room temperature for 15 min, and then added dropwise to the cells. The medium was changed at 18 h after transfection. For some experiments, cells were transfected with πGST constructs at 24 h after addition of siRNA.
Immunoblot analysis
Cell pellets were resuspended in PBS and then sonicated. SDS/PAGE (12% Tris-Glycine, 1 mm) used the Nu-Page system (Invitrogen); the sample was heated at 95°C for 10 min before loading. Western blot analysis was performed using the two-color Odyssey LI-COR (Lincoln, NE) technique as described previously (Milovanova et al., 2006) . Rabbit polyclonal antibodies against Prdx6 and πGST were used to detect the proteins. The secondary antibody was IrDye 800 goat anti-rabbit (Rockland, Gilberstville, PA) for imaging on the green 800 nm channel.
Measurement of peroxidase and GST activities
Peroxidase activity of cell lysates was determined using the NADPH/GSH coupled assay (Fisher et al., 1999) . The reaction buffer (3 ml) was 50 mM Tris-HC1 (pH 8.0), 2 mM NaN 3 , 0.1 mM EDTA, 0.3 mM NADPH, 0.36 mM GSH, and 0.23 units/ml GSH reductase. Cell lysate in buffer was preincubated for 5 min with continuous stirring. Fluorescence was continuously recorded at 460 nm (340nm excitation). After a steady baseline was achieved, the reaction was started by the addition of substrate (100 μM PLPCOOH plus 0.1% Triton X-100) and the linear change in fluorescence was recorded for 5-10 min. The change in fluorescence was corrected for the relatively small baseline of non-enzymatic oxidation of NADPH. Enzymatic activity was expressed as nmol NADPH oxidized/min/mg protein.
Peroxidase activity also was assayed using the end-point ferrous xylenol orange (FOX) assay to avoid the use of GSH in the reaction buffer (Jiang et al., 1992) . The cell lysate (0.1 ml) was mixed with 0.9 ml FOX reagent (900 ml methanol and 100 ml 250 mM H 2 SO 4 per L of reagent containing 880 mg buylated hydroxytoluene, 76 mg xylenol orange, and 98 mg (NH 4 ) 2 Fe(SO 4 ) 2 ·6H 2 O) and incubated for 30 min at room temperature before measuring the absorbance at 560 nm. Activity was calculated by equating the absorbance value for wild type cells (without BSO) to their peroxidase activity measured by the NADPH/GSH coupled assay.
GST activity was measured with substrate 1-chloro-2,4-dinitrobenzene (CDNB) by monitoring formation of the conjugate of CDNB and GSH at 340 nm (Habig et al., 1974) using a Varian 50 Bio spectrophotometer. Cell lysate was added into the reaction buffer (1 ml) containing CDNB (final concentration 3 mM) and GSH (final concentration 2.5 mM) at 25 °C. The reaction buffer was 0.1 M potassium phosphate containing 1 mM EDTA and 2.5% ethanol (pH 6.5). Authentic πGST was used as a positive control. The negative control was the complete assay mixture without cell lysate or enzyme. A unit of activity is defined as the amount of enzyme that converts 1 μmol/min of CDNB to the conjugate.
Flow Cytometry Data Acquisition and Analysis
MCF7 cells were harvested and washed with PBS three times after transfection with either ZsGreen πGST or empty ZsGreen vector for 48 hours and then treated with 100 μM t-BOOH for 24 hours. Cells were analyzed for green color on a four-color, dual laser FACSCalibur (Becton Dickinson, San Jose, CA) at the Abramson Cancer Center Flow Cytometry and Cell Sorting Resource Laboratory of the University of Pennsylvania Medical Center. ZsGreen positive cells were measured in the FL1 channel.
Untransfected cells were used to set the gate (x axis) for identification of transfection. The cytometric data were analyzed using CellQuest ™ acquisition/analysis software (Becton Dickinson, San Jose, CA).
Interaction of πGST and Prdx6 in intact cells
The Duolink in situ Proximity Ligation Assay (DPLA, Olink Bioscience, Uppsala, Sweden) was used according to the manufacturer's protocol (www.olink.com/products-services/ duolink) to detect the interaction between Prdx6 and πGST in intact cells. PMVEC from Prdx6 null mice were grown to 70% confluence on glass coverslips and transfected with constructs expressing wild type or mutated Prdx6 ZsGreen vector using the Amaxa Nucleofector system (program T-023) and the Basic Endothelial Nucleofector Kit (Lonza Group, Basel, Switzerland) according to the manufacturer's protocol. MCF7 cells were transfected with human πGST using the GenJet transfection reagent. Cells were cultured for an additional 48 h after transfection.
For analysis of cell association by the Duolink technique, transfected MCF7 and A549 cells were exposed to 200 μM t-BOOH for 2h; non-exposed cells were used as control. Cells were rinsed with PBS and fixed with 3% paraformaldehyde for 30 min at room temperature, followed by a 10 min incubation with 0.2% Triton X-100 solution in PBS and 40 min blocking in a 5% solution of bovine serum albumin in PBS containing 0.2% Triton X-100. Cells were immunolabeled with mouse monoclonal antibody to Prdx6 and rabbit polyclonal antibody to πGST (1:100 dilution in 1% bovine serum albumin in PBS) for 1 h at room temperature. Anti-mouse and anti-rabbit secondary antibodies with attached DPLA probes are supplied in the Duolink kit which also includes 4′, 6 -diamidino -2 -phenylindole (DAPI) for nuclear staining. Cells were observed by confocal microscopy at 60× magnification; a fluorescence signal indicates that two intracellular proteins are separated by <40 nm (Fredriksson et al., 2002) .
GSH depletion and measurement of cellular GSH content
GSH was depleted from PMVEC by incubation with 0.1 mM buthionine sulfoximine (BSO) for 24 hours (Arrick et al., 1981; Hawkins et al., 2010) . Cellular GSH content was determined by incubating the cells with 0.1 mM monochlorobimane (mCB) for 20 min and evaluating cellular fluorescence at 470 nm (excitation at 400 nm) by confocal microscopy (Hawkins et al., 2010; Kamencic et al., 2000) .
Statistical analysis
Data are expressed as mean ± SE. Statistical significance was determined by analysis of variance followed by Pairwise Multiple Comparison Procedures using the Holm-Sidak method (Sigma Stat 3.1, Jandel Scientific, San Jose, CA). Differences between mean values were considered statistically significant at P < 0.05.
Results
Transfection with πGST construct increases peroxidase activity of Prdx6 and protects cells against peroxidative stress
To investigate a role for πGST in the peroxidase activity of Prdx6 in intact cells, we transfected πGST DNA into MCF7 cells. These cells have endogenous Prdx6 and do not normally express πGST (Fig. 1A) . Note that previously we reported the absence of endogenous Prdx6 in this cell line as evaluated with the antibodies available at that time (Manevich et al., 2004) . Expression of πGST in MCF7 cells increased as a function of the amount of πGST DNA that was transfected (Fig. 1A) . Peroxidase activity in the cell lysates was measured by the NADPH/GSH coupled assay with PLPCOOH as substrate. We consider this substrate as indicative although not specific for the peroxidase activity of Prdx6 (Fisher et al., 1999) . The peroxidase activity increased linearly with the amount of πGST DNA transfected and was approximately double the control value after transfection with 12 μg of the πGST construct (Fig. 1B) .
To confirm that the increased peroxidase activity of the transfected cells is due to the interaction of πGST and Prdx6, we used siRNA to knock down endogenous Prdx6 in MCF7 cells followed by transfection with πGST. The efficiency of knockdown was about 60%-80% (Fig 2A, lanes 3 and 7) . The increase in πGST expression is reflected by increased GST activity (Fig. 2B) . The GST activity of non-transfected cells presumably reflects the presence of GST isoforms other than pi. Knockdown of endogenous Prdx6 had no significant effect on basal GST activity following transfection but peroxidase activity of the cells decreased significantly (Fig. 2C) . Further, transfection of cells with πGST did not increase the cellular peroxidase activity when endogenous Prdx6 was knocked down, ( Fig  2C, lane 7) . These experiments utilized the DsRed πGST plasmid but similar results were obtained for transfection with ZsGreen πGST plasmid (supplemental Fig. 1 ). These data indicate that transfection of intact cells with πGST increases their peroxidase activity (Fig.  1) and that this increase requires Prdx6 (Fig. 2) . The physiological effect of transfection of MCF7 cells with the vector expressing ZsGreen ± πGST was evaluated by determining the cellular resistance to oxidative stress. The transfection efficiency as determined by flow cytometry for ZsGreen expression ranged from 16.8 to 34.6% (n=3), but was almost identical for the 2 different vectors (ZsGreen plasmid and ZsGreen πGST plasmid) in each of the 3 experiments (Supplemental Figure 2) . The MCF7 cells were exposed to 100 μM t-BOOH for 24 h. The number of green cells per 10 5 total cells was determined before and after the oxidative stress in order to calculate the % of green cells that had been killed during the exposure. Cell killing was 27.9 ± 3.7 % for the empty vector transfected cells and 6.4 ± 1.4 % for πGST-transfected cells, a statistically significant difference (p < 0.05). Thus, transfection of πGST into cells that express Prdx6 protected against a peroxidative stress. These results are compatible with the increase in peroxidase activity of cell lysates in the presence of πGST (fig. 1B) . It is unlikely that πGST itself was responsible for the antioxidant effect of transfection since this protein has minimal peroxidase activity in the absence of Prdx6 (Fig. 2C) .
Association of πGST and Prdx6 in intact cells
To investigate a possible interaction of Prdx6 and πGST in cells, we conducted the Duolink Proximity Ligation Assay (DPLA) to determine the proximity of the two proteins in fixed PMVEC, cells that endogenously express the 2 proteins. No fluorescence signal was demonstrated with cells in the basal state (Fig. 3) . However, after a 2 h treatment of cells with t-BOOH (0.2 mM), there was a strong positive signal as shown by the red fluorescence (Fig. 3) , indicating that πGST and Prdx6 are in proximity (< 40 nm apart). A similar result was obtained following 2h treatment of A549 cells with H 2 O 2 (0.5 mM) (Supplemental Fig.  3A ) or MCF7 cells that had been transfected with a plasmid containing πGST DNA and treated with t-BOOH (0.2 mM) (Supplemental Fig. 3B ). Thus, DPLA revealed that the association of endogenous Prdx6 and transfected exogenous πGST occurred only in the presence of oxidative stress. These results are compatible with an interaction between πGST and the oxidized state of the Prdx6 protein although the DPLA test demonstrates only that the proteins are in close proximity, and not that they have actually interacted. Western blot of the MCF7 cell lysate following 2h t-BOOH treatment of cells indicated no change in total Prdx6 or πGST protein expression as compared with control ( Supplemental Fig. 4) . Based on the density of the Prdx6 standard, the Prdx6 content of MCF7 cells was 278 ± 8 ng/10 6 cells (mean ±SE, n=6) or 0.07 % of total cellular protein.
Mutation of the peroxidase but not the PLA 2 active site of Prdx6 enzymatic activity abolishes its association with πGST
The above studies indicated that association of πGST with Prdx6 required the presence of an oxidant (t-BOOH or H 2 O 2 ), presumably resulting in generation of the cysteinyl sulfenic acid at C47, the conserved cysteine of Prdx6 and the residue responsible for peroxidase activity. (Human and mouse Prdx6 have an additional Cys residue although at different positions in the protein). We thus examined the role of C47 in the interaction of Prdx6 and πGST by transfecting Prdx6 null PMVEC with the C47S construct leading to expression of the mutant proteins (Lien et al., 2012) . Transfection with constructs for wild type Prdx6 and S32A Prdx6 were the controls. S32A represents the mutation of the active site for PLA 2 activity. Previous studies have shown that transfection with wild type and S32A constructs rescues peroxidase activity while transfection with C47S does not (Lien et al., 2012) . Interaction of πGST with Prdx6 as shown by DPLA occurred for the wild type and S32A mutant transfectants but was abolished by mutation of C47 (Fig 4) .
Depletion of cellular GSH decreases the peroxidase activity of Prdx6 but does not affect the interaction of Prdx6 and πGST
To examine the role of GSH in the interaction of Prdx6 and πGST, we depleted the GSH from wild type PMVEC by incubating cells for 24 hours with 0.1 mM BSO. The GSH content of the treated cells was almost completely depleted as determined with the GSH cross-linking fluorophore, mCB (Fig. 5A) . Depletion of GSH did not affect the colocalization of Prdx6 and πGST as determined by DPLA assay (Fig.5B) . However, the peroxidase activity (PLPCOOH substrate) in cell lysate as determined by the FOX assay was decreased markedly by GSH depletion (Table 1) .
Discussion
Prdx6 is a non-seleno GSH peroxidase that has an important role in anti-oxidant defense (Fisher, 2011; Manevich and Fisher, 2005) . Previously we have shown that the peroxidase activity of recombinant Prdx6 protein in vitro required πGST as part of the catalytic cycle and that the 2 proteins formed a heterodimer (Manevich et al., 2004; Ralat et al., 2006; Ralat et al., 2008) . We proposed that GSH transferase activity is required for glutathionylation of Prdx6 and reduction of the cysteinyl sulfenic acid that is generated by interaction of Prdx6 with an oxidant. In a previous experiment, delivery of recombinant Prdx6 protein into MCF7 cells that lack πGST did not increase the phospholipid hydroperoxide peroxidase activity unless πGST was co-delivered (Manevich et al., 2004) . We have now confirmed this requirement for πGST with MCF7 cells by showing that transfection with a vector expressing πGST resulted in increased cellular peroxidase activity and also protected cells against a peroxidative stress. Knockdown of Prdx6 with siRNA reversed the increased cellular peroxidase activity indicating that this effect of πGST transfection only occurred in the presence of Prdx6. These results are compatible with our hypothesis that regeneration of the peroxidase activity of oxidized Prdx6 and completion of its catalytic cycle requires πGST.
Our previous studies provided direct evidence for the formation of a complex between Prdx6 and πGST in vitro (Ralat et al., 2006; Ralat et al., 2008) and provided the basis for proposing heterodimerization of the two proteins. In the present study, we show that association of endogenous Prdx6 with πGST (either endogenous in endothelial and A549 cells or transfected in MCF7 cells) only occurs with intact cells that have been subjected to oxidative stress. The DPLA test indicated that the two proteins (Prdx6 and πGST) in oxidatively stressed cells are separated by < 40 nm. The close proximity of the proteins in response to oxidant treatment is compatible with their heterodimerization subsequent to Prdx6 oxidation. Mutation of the peroxidase active site (Cys47) of Prdx6 abolished the interaction, thus supporting the requirement for Cys oxidation in order to promote interaction of the two proteins. An alternate possibility that the Duolink signal was due to enzyme induction is unlikely because of the relatively short duration of exposure to t-BOOH (2h), the requirement for the presence of C47, and the western blot indicating no change in protein expression.
Although the identification of the physiological reductant for peroxidase activity of Prdx6 has been controversial, our studies have shown clearly that GSH (in the presence of πGST) can result in reduction of oxidized Prdx6 as required for the catalytic cycle (Manevich et al., 2004) . To determine whether GSH is required for the interaction of πGST with oxidized Prdx6, cells were depleted of GSH by treatment with BSO and the effect on the interaction of the two proteins was evaluated. GSH depletion resulted in decreased peroxidase activity, supporting our previous findings that GSH acts as an electron donor for Prdx6 (Fisher et al., 1999) , but had no effect on the πGST: Prdx6 association. This result is consistent with our previous in vitro studies; thus, the GSH tripeptide is a required step for reduction of the oxidized Cys but is dispensable for the formation of complex between Prdx6 and πGST (Ralat et al., 2006) . In summary, the present results obtained with intact cells indicate that πGST forms a complex with Prdx6 and is a required step for reduction of the peroxidatically active cysteine (C47) and completion of the catalytic cycle.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material. A: Expression of πGST protein after transfection detected by Western blotting. MCF7 cells were transfected with a construct expressing πGST ZsGreen vector and probed with polyclonal antibodies against πGST or Prdx6; β-actin was used as a loading control. Decreasing empty vector DNA was co-transfected with increasing πGST vector DNA in order to use consistent DNA for each transfection experiment. B: Peroxidase activity determined by NADPH/GSH coupled assay after transfection as described in A. Values are mean ± SE for 3 or more experiments. The line was drawn by least mean squares analysis. πGST; lane 6. scrambled siRNA plus πGST; lane 7. Prdx6 siRNA plus πGST. B: GST activity determined by monitoring the formation of the conjugate of CDNB and GSH for the cell preparations described in A. C: Peroxidase activity determined by NADPH/GSH coupled assay for the cells as described in A. Values in B and C are mean +SE for 3 or more experiments. *p<0.05 for the indicated comparisons. Mouse pulmonary microvascular endothelial cells were incubated with or without t-BOOH, (200 μM) for 2 h. Cells were then fixed and probed with mouse monoclonal anti-Prdx6 and rabbit polyclonal anti-πGST antibodies using the DPLA protocol. The red fluorescence indicates proximity (<40 nm) of the two proteins. For IgG control + t-BOOH treated cells, the sample was probed with the corresponding non-specific IgG; IgG control was similar in the absence of t-BOOH (not shown). Cells were counter-stained with 4′, 6-diamidino-2-phenylindole (DAPI) to show nuclei. Pulmonary microvascular endothelial cells from Prdx6 null mice transfected with pIRESZsGreen empty vector or containing wild type or mutant Prdx6 were treated with t-BOOH (50 μM) for 2 h and then probed with mouse monoclonal anti-Prdx6 and rabbit polyclonal anti-πGST antibodies for the Duolink Proximity Ligation Asssay (middle column). ZsGreen images indicate transfection of cells (left column) and DAPI staining shows cell nuclei (right column). The conditions are: Empty vector-negative control (transfected with empty-pIRESZsGreen-vector); WT-positive control (transfected with wild type Prdx6); C47S-mutation at active site of peroxidase activity (transfected with C47S-pIRES-ZsGreen-Prdx6); S32A-mutation at active site of PLA 2 activity (transfected with S32A-pIRES-ZsGreen-Prdx6). Mouse pulmonary microvascular endothelial cells were incubated for 24 h without or with BSO 0.1 mM and then evaluated for GSH content (A) and by DPLA (B). A. Cells after BSO treatment were incubated with 0.1 mM mCB for 20 min and then were examined for specific fluorescence by confocal microscropy (ex 400 nm; em470 nm). The decrease in fluorescence reflects decreased GSH content of the cells; B: Cells after BSO treatment were treated with t-BOOH (50 μM) for 2 h, then probed with mouse monoclonal anti-Prdx6 and rabbit polyclonal anti-πGST antibodies for DPLA. The IgG control indicates the background fluorescence. There was no effect of GSH depletion with BSO on the interaction of the two proteins.
